Calibration of Routine Dosimeters in Radiation Processing: Validation Procedure for In-Plant Calibration by Šećerov, Bojana Lj. & Bacic, Goran G.
CAL I BRA TION  OF  ROU TINE  DO SIM E TERS  IN
RA DI A TION  PRO CESS ING:  VAL I DA TION  PRO CE DURE  FOR 
IN-PLANT  CAL I BRA TION
by
Bojana Lj. [E]EROV 1* and Goran G. BA^I] 2
1 Vin~a In sti tute of Nu clear Sci ence, Uni ver sity of Bel grade, Bel grade, Ser bia
2 Fac ulty of Phys i cal Chem is try,Uni ver sity of Bel grade, Bel grade, Ser bia
Tech ni cal pa per
UDC: 539.1.074:546.73
DOI: 10.2298/NTRP1103271[
The es sen tial pre req ui site of ra di a tion do sim e try is to pro vide qual ity as sur ance and doc u -
men ta tion that the ir ra di a tion pro ce dure has been car ried out ac cord ing to the spec i fi ca tion
re quire ment of cor rect cal i bra tion of the cho sen do sim e try sys tem. At the Ra di a tion Plant of
the Vin~a In sti tute of Nu clear Sci ences we com pared two rec om mended pro to cols of ir ra di a -
tion pro ce dures in the cal i bra tion of do sim e try sys tems in ra di a tion pro cess ing: (1) by ir ra di a -
tion of rou tine do sim e ters (eth a nol-chloro ben zene – ECB) at the cal i bra tion lab o ra tory and
(2), by in-plant cal i bra tion with alanine trans fer – do sim e ters. The crit i cal point for in-plant
cal i bra tion is ir ra di a tion ge om e try, so we care fully po si tioned the phan tom car ry ing both do -
sim e ters in or der to min i mize dose gra di ents across the sam ple. The anal y sis of re sults ob -
tained showed that the dif fer ence among de ter mined ab sorbed doses for the con struc tion of
cal i bra tion curves be tween these two meth ods, (alanine vs. ECB), is less than 1%. The dif fer -
ence in com bined stan dard un cer tainty for each cal i bra tion pro ce dure is 0.1%. These re sults
dem on strate that our in-plant cal i bra tion is as good as cal i bra tion by ir ra di a tion at the cal i -
bra tion lab o ra tory and val i dates our place ment of the ir ra di a tion phan tom dur ing ir ra di a -
tion.
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IN TRO DUC TION
Ra di a tion pro cess ing re quires the proper use and 
se lec tion of a dosimetric sys tem for the mea sure ment
of the ab sorbed dose in all ar eas. Qual ity con trol in ra -
di a tion pro cess ing is es sen tially based on the val i da -
tion of the cal i bra tion pro ce dure and the as sur ance that 
the pro cess was per formed within pre scribed dose lim -
its. In ter na tional guide lines for do sim e ter cal i bra tion
rec og nize two pos si ble pro ce dures [1]: (1) the cal i bra -
tion of a rou tine do sim e try sys tem can be car ried out
di rectly in a na tional or ac cred ited stan dard lab o ra tory
by stan dard ized ir ra di a tion of rou tine do sim e ters; (2)
An al ter na tive method re quires rou tine do sim e ters to
be ir ra di ated along with ref er ence or trans fer-stan dard
do sim e ters in the pro duc tion irradiator (in-plant cal i -
bra tion). The first method is pre ferred by many, how -
ever, one NPL re port [2] rec om mends cal i bra tion by
ir ra di a tion in the plant where the do sim e ters are to be
used in the first place, be cause this pro ce dure ac cu -
rately re flects con di tions un der which ac tual ir ra di a -
tion oc curs. This is the rea son why, in re cent times,
in-plant cal i bra tion is in use more and more in ra di a -
tion pro cess ing [3, 4]. Al though it seems very sat is fac -
tory to ex clude en vi ron men tal ef fects in dose mea sure -
ments, in-plant cal i bra tion can have one prin ci pal
short com ing when it co mes to cal i bra tion by the first
method: the ir ra di a tion ge om e try is not de fined. The
po si tion of the cal i bra tion phan tom within the prod uct
box un der go ing ir ra di a tion has to be care fully se lected
and has to be validated.
The pres ent pa per eval u ates both rec om mended
meth ods and in ves ti gates their ad van tages and dis ad -
van tages un der con crete ir ra di a tion con di tions of
gamma ra di a tion pro cess ing at the Ra di a tion Plant of
the Vin~a In sti tute where eth a nol-chloro ben zene
(ECB) do sim e ters were used as rou tine do sim e ters.
MA TE RI ALS AND METH ODS
The Ra di a tion Unit of the Vin~a In sti tute has
been de scribed in more de tail else where [5], thus only
a brief de scrip tion il lus tra tive of the ir ra di a tion ge om -
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e try will be given here. The source frame (1 m × 3 m) is 
loaded with 4.81⋅ 1015 Bq of 60Co placed into source
rods (di am e ter 11.1 mm, length 451 mm). Sev eral gen -
er a tions of source rods are mixed in the said source
frame. One au to matic con veyer car ries boxes (46 cm ×
× 46 cm × 43 cm) through the source. A sin gle ir ra di a -
tion run con sists of four se quen tial ir ra di a tion cy cles
and in each cy cle a given box passes through the ir ra di -
a tion room at one of four ver ti cal lev els or ga nized in 6
rows (3 rows on each side of the source) with 12 hor i -
zon tal po si tions in each one, i. e. ev ery box is ir ra di -
ated in the same way. The dis tances be tween boxes in
neigh bor ing rows, as well as be tween the source frame 
and the boxes in the rows next to them are small (a few
cm), and the dose gra di ent, par tic u larly in the rows
near est to the source, is large. Dose dis tri bu tion was
mea sured at a dis tance of 3 cm from the front of the
source frame, us ing ECB do sim e ters.
ECB do sim e ters were pre pared at the Vin~a In -
sti tute in ac cor dance with the pro ce dures de scribed in
the cor re spond ing stan dard [6] and placed in 2 ml
glass, flame-sealed phar ma ceu ti cal am poules. One
batch (I) was cal i brated by ir ra di a tion in well-de fined
con di tions at the Riso High Dose Ref er ence Lab o ra -
tory (HDRL) [7]. The sec ond batch (II) was pre pared
for in-plant cal i bra tion. The HDRL cal i bra tion phan -
tom (fig. 1, see also [2]) with do sim e ters con sist ing of:
(1) three am poules with an ECB so lu tion (batch II), (2) 
two ECB am poules from batch I, and (3) an alanine do -
sim e ter, sup plied by HDRL for in-plant cal i bra tion,
were placed in the cen tral part of the box with the prod -
uct for ster il iza tion. The phan tom was po si tioned ver -
ti cally and per pen dic u lar to the in com ing beam, so that 
all do sim e ters were at the same depth and with no
shield ing of each other. The boxes were ir ra di ated in
ster il iza tion cy cles of 5 kGy to 35 kGy. The ab sorbed
doses of the ECB do sim e ters were mea sured by the
OK–302/2 oscillotitrator [6], while the alanine do sim -
e ters were sent to HDRL for dose de ter mi na tion.
RE SULTS AND DIS CUS SION
In-plant cal i bra tion is crit i cal in ir ra di a tion ge -
om e try. An er ro ne ous po si tion ing of the ir ra di a tion
phan tom dur ing ir ra di a tion can be the source of er ror
in de ter min ing the ab sorbed dose in cal i bra tion, so this 
po si tion should be val i dated. Ver ti cal dose dis tri bu -
tion, just in front of the cen tral part of the source plane,
is pre sented in fig. 2. The dose dis tri bu tion shows a
small lo cal min i mum in the cen ter of the source, be -
cause source rods are placed in the frame at two ver ti -
cal lev els and this po si tion should be avoided dur ing
cal i bra tion. The near est sur face of the box is approx.
15 cm re moved from the source, which de creases the
po ten tial dose gra di ent across the box; nev er the less,
we po si tioned our cal i bra tion phan tom fac ing the
source in the cen tral part of the box. In ad di tion, en tire
ir ra di a tion runs were cho sen for our in-plant cal i bra -
tion.
The re sults of the cal i bra tion pro ce dure of rou -
tine do sim e ters are pre sented in tab. 1. Ab sorbed doses 
from tab. 1 were used for de sign ing the cal i bra tion di a -
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Fig ure 1. HDRL ira di a tion phantom show ing po si tions
of alanine pel let and ECB am poules
Fig ure 2. Vertical dose dis tri bu tion at a dis tance of 3 cm
from the cen tral part of the source plane, as mea sured by
ECB do sim e ters
gram of the new batch (II) of ECB do sim e ters (fig. 3).
The dif fer ences in ab sorbed doses mea sured by stan -
dard alanine and ECB do sim e ters are within 1%,
which is an ex cel lent agree ment be tween the two
meth ods. This is im por tant since these two do sim e ters
have dif fer ent ge om e tries (thin alanine pel lets of few
mm vs. “bulky” ECB am poules of 10.7 mm  ±  0.2 mm) 
and the dose gra di ent across the cal i bra tion phan tom
can in duce a dif fer ence in the dose de liv ered to the two
do sim e ters.
Ac cord ing to in ter na tional stan dards [2, 8], the
test for the good ness of a fit for a cal i bra tion curve is a
re sid ual: the dif fer ence be tween the mea sured and pre -
dicted val ues. A lower value for the re sid ual means a
better fit. Fig ure 4 rep re sents the re sid u als of cal i bra -
tion curves pre sented in fig. 3. As can be seen, the re -
sid u als of these two cal i bra tions are also very sim i lar.
The high est value for re sid u als is ±2% for doses be low
10 kGy. Re sid u als de crease when the ab sorbed dose
in creases, which is to be ex pected since the rel a tive er -
ror is smaller when the mea sured value in creases. This
goes to show that our in-plant cal i bra tion us ing alanine 
do sim e ters ap pears to be as good as cal i bra tion by ir ra -
di a tion at the cal i bra tion lab o ra tory.
For the com par i son of two rec om mended meth -
ods of cal i bra tion, over all un cer tain ties were cal cu -
lated ac cord ing [2,  9, 10]. The un cer tain ties of the
nom i nal dose for do sim e ters ir ra di ated in HDRL are:
ECB am poules, 3%; alanine, 2.6%. Un der the con di -
tions of this study, the dif fer ence be tween the two do -
sim e ters is less than 1% (tab. 1). The ef fects of ir ra di a -
tion tem per a ture on do sim e ter read ings should also be
taken in con sid er ation, since the read ings of alanine
do sim e ters are tem per a ture-sen si tive, while those of
the ECB do sim e ters are not. Know ing the tem per a ture
range dur ing ir ra di a tion (day/night vari a tions) cor re -
spond ing to the tem per a ture de pend ence of do sim e ter
re sponses given in the stan dard [10], the es ti mated un -
cer tainty is 1.3%. Hence, the com bined stan dard un -
cer tainty is 3.1% for in-plant cal i bra tion us ing alanine
do sim e ters.
In con clu sion, both ir ra di a tion pro ce dures of do -
sim e ter cal i bra tion have the same level of un cer tainty;
hence, in-plant cal i bra tion is cer tainly the method of
choice, pro vid ing a care ful place ment of the ir ra di a -
tion phan tom was re al ized. The NPL re port [2] rec om -
mends in-plant cal i bra tion ver i fi ca tion when cal i bra -
tion is per formed by ir ra di a tion in the cal i bra tion
lab o ra tory, but the ver i fi ca tion is im por tant in in-plant
cal i bra tion as well, so as to val i date the good place -
ment of the ir ra di a tion phan tom dur ing ir ra di a tion. 
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KALIBRACIJA  RUTINSKOG  DOZIMETRA  U  TEHNOLOGIJI  OBRADE 
OZRA^IVAWEM:  PROCEDURA  VALIDACIJE  ZA KALIBRACIJU  U
TOKU  OBRADE  OZRA^IVAWEM
Osnovni ciq radijacione dozimetrije je da obezbedi kontrolu kvaliteta i dokumentuje
da se proces ozra~ivawa odvijao prema zahtevima dobre prakse kalibracije izabranog
dozimetrijskog sistema. U Radijacionoj jedinici Instituta za nuklearne nauke „Vin~a” poredili
smo dva preporu~ena protokola ozra~ivawa dozimetra prilikom wihove kalibracije kada se
koriste u tehnologiji obrade ozra~ivawem: (1) ozra~ivawem rutinskih dozimetara
(etanol-hlorbenzen) u referentnoj laboratoriji i (2) kalibracijom u toku tehnolo{ke obrade
ozra~ivawem kori{}ewem alaninskih dozimetara kao trans fer dozimetara. Geometrija
ozra~ivawa je kriti~na ta~ka kalibracije u toku tehnolo{ke obrade ozra~ivawem,  zbog ~ega smo
pa`qivo izabrali mesto fantoma u kome se nalaze obe vrste dozimetara tako da je gradijent doze
minimalan  kroz fantom. Analiza rezultata je pokazala da je razlika u odre|ivawu apsorbovanih
doza koje su se koristile u konstrukciji kalibracionih krivih (alanin prema hlorbenzenu) mawa
od 1%. Razlika izme|u kombinovanih standardnih neodre|enosti izme|u ovih kalibracionih
procedura je 0,1%. Ovi rezultati pokazuju da je na{a kalibracija u toku tehnolo{ke obrade
ozra~ivawem jednako dobra kao i kalibracija ozra~ivawem u referentnoj laboratoriji i validira 
na{ izbor mesta za fantom tokom ozra~ivawa.
Kqu~ne re~i:  obrada ozra~ivawem, kobalt-60, dozimetrija, kalibracija u radijacionoj
...........................jedinici
